Due to the increased interest in sports and the increased trauma frequency, Achilles tendon rupture rate has been increasing. Recently, incidence of Achilles tendon rupture has been reported as 62.9/100.000. [1] Because of complications like prolonged postoperative recovery time, skin necrosis and infection around the surgical site and re-rupture; Achilles tendon injury is a significant health issue for middle-aged adults and athletes. [2] Immobilization of the leg in the cast during conservative treatment or after the surgery and/or the effect of the trauma may result in deep venous thrombosis (DVT) after Achilles tendon rupture. [3] In the literature, incidence of DVT after Achilles tendon injury has been reported between 1-34%. [4] [5] [6] Main topics for thromboembolism prophylaxis in hip and knee surgeries have been defined; however, there is no consensus on DVT prophylaxis after below-knee surgeries, which require immobilization. [7] Nevertheless, a meta-analysis suggests routine prophylaxis after Achilles tendon injuries in order to decrease the risk of DVT and pulmonary thromboembolism (PE). [8] Several studies on tendon healing exist in the literature. [9] [10] [11] One of the main topics studied is the effect of anti-thrombotic agents on tendon healing. [12] [13] [14] Yet, the number of these studies is limited and effect of specifically rivaroxaban on tendon healing has not been investigated. Therefore, in this study, we aimed to compare the histopathological and biomechanical effects of low molecular weight heparin (LMWH) and rivaroxaban, which are frequently used in orthopedic surgery for thromboembolic prophylaxis, on rat Achilles tendon healing.
MATERIALS AND METHODS
The study protocol was approved by the Local Ethics Committee for Animal Experiments of Istanbul Bagcilar Training and Research Hospital [06.08.2015 (2015/98)]. The study was conducted between October 2015 and November 2015 in accordance with the principles of the Declaration of Helsinki. Thirty-six adult, male Sprague-Dawley rats weighing between 300 g -400 g were separated into three groups, each consisting of 12 rats. First group received subcutaneous 170 IU AXa (0.02 mL) nadroparine calcium (Fraxiparine, Glaxo SmithKline, Canada) as LMWH once daily for 21 days. Second group received 3 mg/kg rivaroxaban (Xarelto, Bayer HealthCare, Berlin, Germany) diluted in 2 mL of saline via gastric lavage once daily for 21 days. Third group was determined as the control group and received no medication. On the purpose of standardizing the groups, rats in the first group received 2 mL 0.9% sodium chloride (NaCl) daily via gastric lavage, rats in the second group received subcutaneous 0.02 mL 0.9% NaCl daily and rats in the third group received same doses of 0.9% NaCl both via gastric lavage and subcutaneously.
Surgical procedure: 8 mg/kg gentamicin was administered subcutaneously for antibiotic prophylaxis. Surgical procedures were performed under general anesthesia. Inhaler anesthetic drug isoflurane (Forane, Abbott Laboratuvarları İthalat İhracat Tic. Ltd. Şti., İstanbul, Turkey) was administered with 4% dosage for induction and 2% for maintenance. Right lower extremities of the rats were shaved and then approximately 1 cm longitudinal incision was performed under sterile condition on the Achilles tendon; the tendon was exposed and cut transversely from approximately 0.5 cm proximal to the side of Achilles tendon insertion site via no. of one rat; in the subsequent days, each cage consisted of six rats. Daily wound site assessment; general condition and physical activity were checked and recorded. After 21 days, euthanasia was performed through high dose anesthesia (10 mg/kg Xylazine and 90 mg/kg ketamine-hydrochloride).
For histopathological assessments, six tendons from each group were extracted from adhesion site to calcaneus and femoral condyles. The tendons were fixated in 10% formaldehyde containers and embedded in paraffin blocks, then 4 μm sequences were cut and hematoxylin-eosin, Mason's trichrome and Alcian Blue (pH 2.5) stains were applied to each block. Olympus BX51 light microscope was used for analyses. Histochemical assessment of type I/type III collagen staining pattern were performed with Sirius Red staining and x400 magnification. Semi-quantitative Movin's scale and semi-qualitative Bonar's scale were used for evaluation. In Movin's semi-quantitative scale, all variables are scored between 0 and 3 (0: normal, 1: mildly abnormal, 2: abnormal, 3: significantly abnormal). Total semi-quantitative histological score can be determined between 0 (normal tendon) and 24 (most severely abnormal tendon). [15] All variables in Bonar's scale are scored between 0 and 3. Total Bonar score can be determined between 0 (normal tendon) and 12 (most severely abnormal tendon). [16] Tension test was applied on tendons for biomechanical evaluation. In order to perform that, six tendons from each group, which were not taken into histological assessment, were extracted from the insertion sites without plantaris tendon. Tendons were delivered to Machine Materials Laboratory of Istanbul University, Faculty of Mechanical Engineering in 0.9% NaCl solution with a fair amount of bone from calcaneus on the distal side and muscle tissue on the proximal side.
Universal tensile application device (Instron 5982 universal testing machine, Norwood, MA, USA) was used for biomechanical tests. Load capacity of the appliance is 100 kN, speed range 0.00005-50 mm/minute, sampling frequency is 1 kHz and load measurement accuracy is ± 0.5%.
With the aim of sustaining a good grasp, distal bone tissues and proximal muscle tissues were attached and covered with emery paper, and then tendons were engaged to the jaws of the device from the emery paper covered surfaces. Tendon-emery paper contact was enabled by the utilization of cyanoacrylate glues. Samples were stretched longitudinally with a speed of 6 mm/minute until they ruptured. In order to determine and correlate the biomechanical endurance of the tendons, tensile force was applied until the tendons ruptured and the maximum tensile force value during the tendons ruptured was recorded ( Figure 2 ). and Mann-Whitney U tests and parametric results of biomechanical tests were analyzed with analysis of variance. Statistical analyses were performed using the IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA) and statistical significance value was set as p<0.05.
Statistical analysis

RESULTS
Bonar's scale total score was significantly higher in control group in comparison with both rivaroxaban and LMWH groups (p<0.05). Rivaroxaban and LMWH groups' Bonar's scale total scores were not significantly different (p>0.05) from each other (Table I ).
Movin's scale total score was significantly higher in control group in comparison with both rivaroxaban and LMWH groups (p<0.05). Rivaroxaban and LMWH groups' Movin's scale total scores were not significantly different (p>0.05) from each other (Table II) . Measure of type I collagen (mature collagen) was significantly lower in control group in comparison with both rivaroxaban and LMWH groups (p<0.05). There was no significant difference between rivaroxaban and LMWH groups according to type I collagen measures (p>0.05) (Table III) (Figures 3, 4, and 5) . On the contrary, type III collagen (immature collagen) measures were significantly higher in the control group in comparison with both rivaroxaban and LMWH groups (p<0.05). There was no significant difference between rivaroxaban and LMWH groups according to type III collagen measures (p>0.05) (Table III) .
Mean maximum rupture force in the control, rivaroxaban and LMWH groups were 30.08 N, 22.16 N and 18.03 N, respectively ( Figure 6 ). There was no significant difference between control and rivaroxaban groups (p=0.18) according to mean maximum rupture force. However, mean maximum rupture force difference was significant between control and LMWH groups (p=0.03). Mean maximum rupture force was higher in the rivaroxaban group in comparison with LMWH group, but this difference was not statistically significant (p=0.31).
DISCUSSION
Tendon surgeries are frequently performed in daily orthopedic practice. Tendon healing, particularly Achilles tendon healing, is a slow process. As tendons heal via fibrotic scar tissue, it is essential to know the effects of the drugs on tendon healing process. [14] Tatari et al. [17] administered corticosteroid to rats' Achilles tendons and produced Achilles tendinitis; then, they administered local heparin to normal Achilles tendons and to tendons with tendinitis. Consequently, they reported that heparin caused degeneration on tendons in both groups.
Tendon healing is a complex process consisting of cell proliferation, angiogenesis, extracellular matrix production, remodeling and maturation ensuing each other. Growth factors are also effective on tendon healing. Like other tissues, after tendon injury, first hematoma and then fibrin coagulum occurs. In this coagulum; blood cells, thrombocytes and fibronectin are destructed. Healing process starts as local growth hormones migrate to the area with the effect of chemotactic factors released after destruction. [14, 18, 19] Fibrin formation occurs via thrombin. It is hypothesized that antithrombotic agents impair particularly the initial step of the healing process through inhibiting fibrin formation.
Virchenko et al. [13] demonstrated that antifactor Xa activity is peaked in two hours after injection and gets back to normal after 12 hours. In their study, they found that heparin administration via mini pump affected tendon healing adversely, but this adverse effect was not seen in the other two groups (the groups that heparin was administered single dose prior to surgery and via injection twice a day). [13] In our study, single dose administration of both rivaroxaban and LMWH did not inhibit production of thrombin or fibrin continuously. We assume that fibrin coagulum formation at the healing area decelerated, blood supply increased and migration of growth factors accelerated with the impact of the drugs we administered. Furthermore, neovascularization and microcirculation enhancing effects of the agents used in the study induced enhancement and acceleration of healing. It has been reported that heparin and its derivatives accelerate healing by decreasing destruction in cells and tissues, increasing neovascularization, enhancing granulation, epithelialization and revascularization. [20, 21] In their study investigating the effect of LMWH on rat Achilles tendon healing, Esen et al. [12] demonstrated that high-dose LMWH (170 AXa) administration had a more positive effect on histopathological healing in comparison to low dose LMWH (85 AXa) administration. Furthermore, healing was significantly better both in high dose LMWH group and low dose LMWH group in comparison to control group. In our study, high-dose LMWH was administered. Bonar's scale total scores' and Movin's scale total scores' statistical analysis revealed that both drugs affected tendon healing positively according to control group; thus our findings support the results of Esen et al.'s study. [12] In our study, type I and type III collagen ratio was examined via Sirius Red staining. Type I collagen, which appears more in mature tendon ultrastructure, was significantly higher in groups that received rivaroxaban or LMWH in comparison to control group.
Moreover, Esen et al. [12] examined biomechanical results on the fourth week of tendon healing and found that maximum rupture force values ranged from high to low in the following order; high dose LMWH group, low dose LMWH group and control group. This difference was significant for high dose LMWH group.
Tensile test results obtained in our study showed higher maximum rupture force value in control group in comparison with rivaroxaban and LMWH groups; however, this finding was significant only between control group and LMWH group ( Figure 6 ). As the studies evaluated different phases of tendon healing, our biomechanical findings did not correlate with Esen's biomechanical findings.
When histopathological results were considered, it was demonstrated that both rivaroxaban and LMWH groups had an accelerated healing process according to control group; on the contrary, positive effects on tendon healing were not shown clearly with biomechanical results. Discrepancy between biomechanical and histopathological findings may be attributed to short duration of our study and organization step, since tendon healing could not occur because of the short duration. Besides, the number of rats for each group may not be adequate to demonstrate the correlation between biomechanical and histopathological results.
Our study has some limitations. The study had an experimental design; hence we were unable to make comparisons in terms of clinical and functional outcomes. Achilles tendon ruptures in humans occur usually on degenerative basis; and in our study, we performed iatrogenic cuts on healthy rat tendons and repaired them. Thus, interpretation of our results as same as human Achilles tendon ruptures results may lead to misapprehension. Furthermore, we did not conduct dose adjustment for the drugs we used; also, we did not study the anti-factor Xa levels. We determined doses according to prior studies. Hence, we could not know the degree and the duration of fibrin coagulum inhibition particularly in the initial phase of healing. As we did not investigate early-and late-term outcomes separately, histopathological and biomechanical effects of the drugs on the late phases of healing were not evaluated.
In conclusion, both rivaroxaban and LMWH showed positive effects on tendon healing in histopathological assessments; however, the same outcomes were not obtained in biomechanical assessments. Both rivaroxaban and LMWH may be used in order to reduce the risk of DVT during the conservative or surgical treatment of Achilles tendon ruptures. Nevertheless, further randomized controlled studies on humans are needed to establish explicit deductions.
